A transistor pH electrode (pH-ISFET electrode) was placed in each of four human mouths and bacteria were allowed to accumulate on it for 1, 2 or 3 days. Changes of plaque pH were measured in situ after application of sucrose solution (0.1, 1 or 3 %) and, then, quick pH recovery by mouth-rinses with water was estimated.
Introduction
Because acid production by microorganisms in dental plaque, especially in its deep layers, is directly associated with decalcification of enamel in dental caries formation, measurement of pH at the enamel-plaque interface areas is of significance for caries research. A pH-ISFET (hydrogen-ion-sensitive fieldeffect transistor) electrode1) enables sensitive pH measurement of such areas in situ2-4), since it is so small that it can easily be placed in a human mouth, allowing microorganisms to accumulate.
Bacteria accumulated on the electrodes are similar to those of the dental plaque formed on natural enamel surfaces5, 6) , so that changes of pH in the bacterial deposits formed on the electrodes can be representative of those occurring in the natural dental plaque.
A mouth-rinse with water may be practised daily by many people, and some may expect it to wash out acids and food debris from dental plaque or from the oral cavity7), aiming at caries prevention8,9). Little work has been done to reveal plaque pH recovery after mouth-rinses with water except for some reports7,9). Frostell9) has shown that one mouthrinse with water has only a small effect on plaque pH change after sucrose rinsing, and Imfeld7) has shown that acidic plaque pH after sucrose rinsing is not neutralized by 3 successive mouth-rinses with water and the pH decreases again after expectoration of the water. Little attention has been focused so far on the quick pH recovery of deep plaque layers by several mouth-rinses with water.
Our aim is to clarify how frequently mouthrinses with water are required for quick pH recovery of deep plaque layers.
Materials and Methods
Apparatus for pH measurement in situ. The recovery time was 10, 11, and 16 min, respectively. The patterns of pH changes were similar to those reported3). Effect of mouth-rinses with water on pH recovery. Full mouth application of sucrose solution to the bacterial deposits in the mouth of subject A, gave a lower minimum pH (Table  2 ) and a longer recovery time than the topical application.
The recovery time, measured with 3-day-old plaque of subject A after full mouth application of 3% sucrose solution, was around one hour or more.
The minimum pH, after full mouth application of diluted sucrose solution (0.1%) to the 1-day-old plaque of subject A, was not Table 2 Plaque minimum pH after full mouth application of sucrose solution. Table 3 Frequencies of mouth-rinses with water for the recovery of plaque pH tion and rather frequent mouth-rinses with water were required to recover the pH even to the critical pH level. In the latter case, the first several rinses with water caused little pH-rise, if any, and the pH soon started to fall again to the minimum pH level, suggesting that acids are produced from sugar remaining in the plaque or the surrounding area and that acids in deep layers of the plaque were not effectively washed out. This clearly shows that less accumulated plaque plus less consumption of sucrose causes less acid formation in dental plaque, i.e. less risk to caries formation14), as is generally recognized7,13). Probably 3% sucrose is not as thick as sugary foods taken in daily life15,16). Sugared coffee or tea may contain more than 5% sucrose and sugary drinks on the market sometimes contain more than 20% sucrose. When such a drink (coffee with 3.3% sugar or orange juice with 20% sugar) was taken by a person with 3-day-old plaque, the plaque pH quickly dropped to pH 4 level and the low pH was kept for several hours (data not shown), and in that case at least 16 mouthrinses with water were required to recover the pH to the neutral level.
In principle, complete removal of dental plaque is necessary for the prevention of dental caries, and daily practise to remove dental plaque, e.g. supervised toothbrushing17), should be carried out.
It is probable that plaque pH of a person who carried out "professional toothcleaningin17)" does not fall so much after the intake of sugary food and drink, if any, it is easily recovered from with a few mouth-rinses with water.
In that case mouth-rinses with water may result in less risk of caries formation as suggested by Fosdick8).
However, it may be difficult for someone to brush their teeth after every intake of food and drink, and some may rinse their mouth with water after the intake of food and drink instead of tooth brushing. 
